Objective: The objectives of this study were to estimate the quantity and nutritive quality of the complementary diet in rural Malawi, and to identify feeding practices, nutrients and dietary modifiers of iron and zinc bioavailability that may limit the quality of the diet. Design: This cross-sectional study design included an anthropometric survey, a feeding practices questionnaire, and an interactive, 24 h recall dietary data survey. Setting: Four rural villages in Balaka district, southern Malawi. Subjects: Mothers resident in the study communities with breastfed children aged up to 24 months were eligible. Results: Stunting was prevalent among these weanlings. Maize was the predominant food source, with limited contribution of animal foods. Deficits in dietary energy and several nutrients were found when compared to estimated needs. When expressed per kg body weight, energy intakes appeared adequate. The bioavailability of zinc was low due to a high phytate:zinc molar ratio. Iron bioavailability was also low due to low intake of absorption enhancers such as meat=fish=poultry protein and ascorbic acid. Dietary quality was poorest for 6 to 8-month-old infants. Conclusions: Iron, zinc and calcium were the most limiting nutrients to the quality of the diet, partly exacerbated by the poor bioavailability of iron and zinc. Increased total intake and bioavailability of iron and zinc would improve the complementary diets.
Introduction
The period of complementary feeding, defined as the time when any nutrient-containing foods or liquids are offered to young children in addition to breast milk, is a critical and vulnerable time in the growth and development of children (WHO, 1998) . Insults to this critical period of development, including poor nutrition, increase the risk of morbidity and mortality among young children (Schroeder & Brown, 1994; Pelletier et al, 1993; Victora et al, 1999) , and can result in lower attained size and compromised cognitive function later in life (Allen, 1993; Lozoff et al, 1991) .
Adequate intake of several nutrients is difficult to achieve from traditional, unfortified complementary foods that are commonly consumed in developing countries WHO, 1998) ; these include calcium, iron and zinc, and in some cases vitamin A and riboflavin. Poor bioavailability of micronutrients is also an important factor affecting the quality of the diet (Allen et al, 1991; Gibson, 1994; Murphy et al, 1992) . In particular, the absorption of iron and zinc is modified substantially by dietary factors such as phytate and animal protein (FAO= WHO=IAEA, 1996; Wise, 1995) . Few studies of complementary diets to date (Hautvast et al, 1999; Paul et al, 1998) have reported: (i) intakes of energy and multiple nutrients from complementary foods, independently of intakes from breastmilk; (ii) intake of dietary factors which modify absorption of iron and zinc and the consequent impact on their relative adequacy. Such information is necessary to assess the overall nutritional quality of the complementary diet and to develop suitable methods for its improvement.
In rural Malawi, chronic malnutrition is prevalent and begins during infancy; in 1995, 29% of 6 to 12-month-old infants and 50% of all children under 5 y of age were stunted (WHO, 1997) . Poor complementary feeding practices may be an important factor contributing to this high prevalence of chronic malnutrition. Therefore, the objectives of this study are to estimate the quantity and nutritive quality of complementary foods consumed by weanlings in rural, southern Malawi, and to identify feeding practices, nutrients and dietary modifiers of iron and zinc bioavailability, which may limit the quality of the complementary diet in this population.
Methods
Ethical approval for this study was granted by the University of Otago Human Ethics Committee, Dunedin, New Zealand, and the College of Medicine Research Committee, University of Malawi, Blantyre, Malawi. The survey was carried out in Mpilisi rural Extension Planning Area (EPA), Balaka District in the southern region of Malawi. This EPA was selected by district level Ministry of Agriculture and Ministry of Health personnel on the basis of: (i) lack of health care facilities, and therefore paucity of information on the nutritional status of its children; and (ii) problems in food production, attributed to local rain shortages and lack of agricultural input. Three communities were selected to represent the EPA: Nailuwa, Nduta and Ntandiwa, all in close proximity to each other. Two neighboring communities, Kwitanda and Maduwani, were included in the dietary data collection to increase the sample size and reliability of the data.
The survey was conducted from February 1998, in the midst of the hungry season, to April 1998, at the beginning of the harvest season. A census was carried out to identify all households with children 0 -24 months of age. Among the mothers of the eligible infants identified, informed consent to participate in the study was obtained from 91% (163=179), thus the infant population in the selected communities was well represented. Infants born during the course of the survey were also admitted. Data for infants who reached more than 24 months of age during the study and data from infants of multiple births were excluded from analysis.
Age determination
Birth dates were first recorded during the census, and later checked during the anthropometric survey, from government issued child health cards. Most mothers, except those of newborns, had health cards for their children and it was observed that mothers generally remembered their child's exact birth date. The children's precise age was computed using the DoMeas program in Epi-Info 6.0 (Dean et al, 1994 ).
Socio-demographic and feeding practices survey
The Knowledge, Attitudes and Practices (KAP) and sociodemographic questionnaires were developed locally. Questions used in the KAP questionnaire were adapted from those developed previously in the southern region of Malawi following focus group discussions on practices and beliefs regarding young child feeding (Drost, 1999) . Questionnaires were pre-tested in a neighboring village, and revised, before being administered to the study village mothers in their homes. Questions pertaining to infant feeding practices dealt with current feeding practices only (ie were not retrospective).
Anthropometric survey and data analysis Recumbent length and weight were measured by trained, experienced research assistants following standardized procedures and calibrated equipment (Lohman et al, 1988) . Recumbent length was measured on an infant measuring board (model 98-702, Carlstadt, NJ) and recorded to the nearest 0.1 cm. Nude weights were taken on a digital pediatric scale (Soehnle, Germany) and recorded to the nearest 0.05 kg. Each measurement was made in triplicate and the mean value calculated. The Z-scores for length-forage (LAZ), weight-for-age (WAZ), and weight-for-length (WLZ) were calculated using the DoMeas program in EpiInfo, version 6.0 (Dean et al, 1994) and the CDC= NCHS=WHO reference data.
Determination of nutrient intakes from complementary foods
The dietary survey was conducted in April 1998, when most people had begun harvesting mature maize. A single 24 h recall interview was conducted with the caregiver of each infant, using a modified, interactive, 24 h recall method, and the data used to determine mean daily energy and nutrient intakes from complementary foods for each age group. This method was developed earlier in Malawi for use with respondents with low rates of literacy, and has been described previously (Ferguson et al, 1995) . Recalls were conducted for a proportionately representative number of weekdays and weekend days for each age group. For composite foods, average recipes previously compiled from weighed food records of Malawian composite dishes (Ferguson, 1992) were used to calculate nutrient composition.
The nutrient composition database used was compiled from two main sources. The majority of nutrient data were derived from the database within the World Food Dietary Assessment System, version 2.0 (Office of Technology Licensing, University of California Berkeley) for Kenyan foods. A previously compiled, nutrient composition database for Malawian foods was also used (Ferguson, 1992) ; the nutrients that were analyzed directly -calcium, phytate, and zinc -were substituted for those values found in the Kenyan database for the same or similar foods. These values were known to be accurately determined and analyses were carried out on representative samples of staple foods obtained locally. The most notable differences were the lower calcium values for cereal staples, in particular for maize, in the analyzed Malawian foods. For those Malawian foods where comparable foods from the Kenyan database could not be identified, all nutrient values were , 1996) . Phytate (myo-inositol hexaphosphate) is a component of plant foods that is a potent inhibitor of zinc absorption such that the inhibitory effect increases with increasing molar ratios of phytate to zinc (FAO=WHO=IAEA, 1996) . The percentage bioavailability of zinc was calculated on a per meal basis and was primarily determined by the phytate:zinc molar ratio; ratios of 0 -5, 5 -15, and >15 were assigned zinc bioavailability factors of 55, 35 and 15%, respectively. Percentage zinc bioavailability was then adjusted considering intake of animal protein as an enhancing factor (>16 g=4.18 MJ, þ5%) and calcium as an inhibiting factor (>500 mg=4.18 MJ, 75%; >750 mg=4.18 MJ, 710%). The algorithm used here was adapted from the guidelines put forth by FAO=WHO=IAEA (1996) for estimating zinc bioavailability based on diet type and was previously described by Murphy et al (1992) .
The bioavailability of haem iron was calculated using the FAO=WHO (FAO=WHO, 1988) estimate of 25%. For non-haem iron, bioavailability was determined for each meal using an algorithm based on Monsen et al (1978) and modified by Murphy et al (1992) . Starting with a basal percentage bioavailability of 5%, bioavailability was increased by the meal content of meat=fish=poultry protein (>9 g=4.18 MJ, þ5%; >27 g=4.18 MJ, þ10%) and ascorbic acid (>35 mg=4.18 MJ, þ5%; >105 mg=4.18 MJ, þ10%), and decreased by tannin-containing teas and coffees (250 g standard strength beverage, 720% of percentage bioavailability, to a maximum of 60% per meal). Negligible iron stores were assumed, thus for those individuals with some iron stores, bioavailability will be lower.
Daily energy and nutrient intakes from complementary foods were compared with estimated needs assuming that breastmilk consumption and composition was average. The estimated needs from complementary foods were determined in a recent review (WHO, 1998) , for the age groups 6 -8, 9 -11 and 12 -23 months by subtracting average energy and nutrients supplied by breastmilk from the total recommended energy and nutrient intakes. The average figures for breastmilk intake for each age group were made based on a review of studies in developing countries where breastmilk consumption was measured. These estimates take into account the energy density of breastmilk, and the nutritional status and breastfeeding practices of women in developing countries. Values for the nutrient composition of mature breastmilk (ie 21 days post-partum) were derived from the breastmilk content from women in industrialized countries (Institute of Medicine, 1991) , with the notable exception of vitamin A, for which estimates were derived from measurements among women in developing countries (Underwood 1994) . Additionally, nutrient densities of the complementary diet (amount of nutrient= 418.4 kJ) were compared to desired levels; these levels were calculated by dividing the recommended nutrient intakes by the estimated energy needs from complementary foods for each age group, as presented in WHO (1998) . Data for children who were no longer breastfeeding were not included in the analysis.
Statistical analysis
All data were imported into SPSS (PC), version 8.0 (SPSS Inc., Chicago IL), where descriptive and comparative statistics were calculated. A Kolmogorov -Smirnov test was used to test for normality of frequency distributions.
Results

Socio-demographic characteristics
Most households of the infants studied were male-headed (72%) and supported an average of five people. The main occupations of the heads of household were subsistence farming (38%) and owner-operated small market or labor businesses (41%). Among heads of households, 81% had no more than primary school education. Most houses were made of either sun-or fire-dried bricks with thatch roofs, and had a latrine. Two-thirds of households maintained some form of livestock, mostly chickens, other fowl or goats.
Anthropometry
The prevalence of low LAZ (<72 s.d.) increased from 30% at 6 -<12 months of age, to 36 and 46% at 12 -<18 and 18 -<24 months of age, respectively. Occurrence of moderately low WLZ (<72, >73) was limited to children 12 -<18 months of age; in this age category, prevalence was 8%. The prevalence of low WAZ was 41% among 6 -<12 month old children, peaked at 46% among children 12 -<18 months of age, and was 25% among children 12 -<24 months of age.
Breastfeeding and complementary feeding practices
Complementary feeding practices were summarized from the results of the questionnaire survey. Amongst the mothers studied, breastfeeding initiation was 100%, and 94% of all mothers were currently breastfeeding. Thus the majority of mothers continue breastfeeding during the second year. About half of the mothers interviewed had given non-nutritive liquids (mostly water) other than breastmilk to their infants before they reached 4 months of age. Reasons for introducing foods early were based on the mother's own perception that her infant was not satisfied with breastmilk alone; 'baby always crying', 'not enough breastmilk', and 'baby is hungry' were common responses. After 4 months of age, all infants were receiving complementary foods. The only foods reported as being
Complementary feeding practices C Hotz and RS Gibson prepared specially for the infant, though not necessarily exclusively for infants, were the maize flour porridges light phala or hard phala (7 and 10% dry matter, respectively); otherwise all complementary foods given were the same as those prepared for other family members. Light phala was the complementary food most commonly consumed by infants prior to 6 months of age.
Mean breastfeeding frequencies were 10 AE 4, 10 AE 4, and 9 AE 4 and mean complementary feeding frequencies were 3.1 AE 1.2, 4.1 AE 1.1, and 4.4 AE 1.4 for children 6 -8, 9 -11, and 12 -23 months of age, respectively. A single complementary feed consisted of all non-breastmilk food consumed within a 1 h interval on the 24 h clock.
Dietary intakes
Data for dietary intakes were not normally distributed, and are therefore presented as medians (25th and 75th percentiles). Estimated median intakes of energy and selected nutrients are shown in Table 1 , along with the percentage of estimated needs from complementary foods. In the 6 -8 month age group, median intakes of energy and all nutrients presented, except for protein, were less than 80% of the estimated needs. In the 9 -11 month age group, intakes of niacin and calcium, and zinc and iron at all bioavailability levels, were inadequate, and energy and riboflavin intakes were marginally adequate. Among children 12 -23 months of age, energy, niacin, riboflavin, calcium, zinc and iron intakes (assuming low or moderate bioavailability of zinc and iron) were inadequate.
The bioavailabilities of iron and zinc, and the intakes of dietary factors that modulate bioavailability, are shown in Tables 2 and 3 . The median estimated bioavailability of iron was low for all age groups (5.5 -7.4%). Only 0 -4% of iron was derived from meat=poultry=fish sources, with the remainder coming from plant or other animal sources (mostly maize and legumes), thus the contribution of haem iron to total iron intake was negligible. Moreover, few iron-containing meals (4 -12%) contained enough meat=fish=poultry protein to enhance iron bioavailability (>9 g=4.18 MJ). However, a greater proportion of Percentage estimated needs determined assuming either low, moderate, or high bioavailability and assuming basal requirements for zinc.
Complementary feeding practices C Hotz and RS Gibson iron-containing meals (18 -38%) contained enough ascorbic acid to enhance non-haem iron bioavailability (>27 mg=4.18 MJ); this level of ascorbic acid intake was attained at the 75th percentile. Only 10% of all children consumed any tannin-containing beverages and the overall effect on iron bioavailability was negligible (ie reduced percentage iron bioavailability by <0.1%).
The median estimated zinc bioavailability for all subgroups, assuming basal requirements, ranged from 15 to 20%, levels considered to be low (FAO=WHO=IAEA, 1996) . The median phytate:zinc molar ratio for meals was high (>15); more than 60% of all meals consumed had a phytate:zinc molar ratio greater than 15. Calcium intakes did not reach a high enough level in most zinc-containing meals to further inhibit bioavailability; only 5 -12% of meals contained >500 mg=4.18 MJ). Also, few meals (4 -15%) included a level of animal protein sufficient to increase zinc bioavailability (>16 g=4.18 MJ).
In order to express intakes per kg body weight per day, only data from weanlings for whom both dietary and anthropometric data existed were used. Total intakes of energy were calculated from assumed intakes from breastmilk as: 1728 kJ (413 kcal), 1586 kJ (379 kcal), and 1448 kJ (346 kcal) per day for 6 -8, 9 -11, and 12 -23 months, respectively, plus median energy intakes from complementary foods, and divided by mean kg body weight, then compared to estimated energy needs based on data from Butte (1996) and Torun et al (1996) . Mean ( AE s.d.) energy intakes expressed as kJ=kg body weight=day were 393 AE 80 (n ¼ 10), 397 AE 71 (n ¼ 15), and 389 AE 126 (n ¼ 54), equivalent to 113, 107 and 108% of the estimated needs for children 6 -8, 9 -11, and 12 -23 months of age, respectively. Therefore, when expressed this way, mean energy intakes were adequate for all age groups.
Intakes from complementary foods were also expressed as nutrient densities (amount nutrient per 418.4 kJ, Table  4 ). At 6 -8 months of age, vitamin A, niacin, riboflavin, calcium, iron and zinc densities were well below desired levels. For children 9 -11 and 12 -23 months of age, vitamin densities were adequate (80%), however calcium densities, and iron and zinc densities at low bioavailability, were still far below desired levels.
The most important food group contributing to energy and nutrient intakes was cereals, which consisted almost entirely of maize-based foods (Figure 1 ). Cereals provided 62 -75% of energy from complementary foods, while other food groups contributed much less to non-breastmilk energy intake: vegetables, 2 -9%; tubers, 1 -8%; legumes, 3 -10%; eggs and dairy, 0 -3%; and meat=poultry=insects and fish, 2 -4%. Cereals also contributed 50 -67% of protein, 54 -76% of iron, 56 -75% of zinc, 78 -80% of niacin, and 69 -73% of riboflavin intakes from complementary food, and also accounted for most of the total intake of phytate (83 -94%). Vegetables provided 67 -97% of vitamin A, 39 -88% of ascorbic acid, 37 -77% of calcium, 6 -16% of iron, and 8 -16% of zinc. Legumes provided 6 -10% of iron and 3 -11% of zinc, and 3 -8% of calcium. Fish provided up to 45% of the calcium intake from complementary foods, but only 0 -3% of iron and 0 -8% of zinc.
Food processing practices
From the questionnaire survey results, only 4% of mothers report ever having added germinated flour to porridges fed to their infants. Only 10, 2 and 1% of mothers reported ever having soaked maize kernels, soaked maize flour, or fermented maize flour or maize porridges.
Discussion
The objectives of this study were to identify dietary inadequacies in relation to the quantity and quality of the complementary diet of weanlings in rural southern Malawi; such inadequacies are likely to contribute to the poor nutritional status observed in this population. The dietary data provide only one day of observation for each child and therefore this study design did not allow statistical WHO (1998) . Desired levels were calculated by dividing the estimated nutrient needs by the estimated needs for energy intake for each age group. c Percentage desired iron or zinc density assuming low, moderate or high bioavailability.
Complementary feeding practices C Hotz and RS Gibson correlations to be made between growth indices and specific dietary factors. However, this relatively rapid assessment of food consumption and nutrient intakes was able to identify dietary inadequacies for which the study population was at risk and thus allowed for the identification of specific strategies that could be employed to improve the nutritional quality of the complementary diet.
In the present study, breastmilk intakes were assumed to be average; based on self-reports of breastfeeding frequency during the 24 h recall interview, mean breastfeeding frequencies by age were judged to be adequate based on previous studies of breastfeeding frequency and adequacy of intake (Butte et al, 1984; de Carvalho et al, 1982) . However, the validity of the breastfeeding frequencies reported is not certain because neither the frequency nor the duration of breastfeeding episodes were validated during the 24 h recall interview.
The weaning process began early for many (prior to 6 months of age) and was prolonged through the end of the second year of life. Early introduction of complementary foods is a common practice in many developing country settings (WHO, 1998) , including Malawi (National Statistical Office, Malawi, 1994) . The food most commonly introduced first was a very thin maize flour gruel with low energy density (light phala; 109 kJ=100 g), which is less than half the energy density of breastmilk ($272 kJ= 100 g). Given the poor dietary quality of the first complementary foods introduced in this area and the increased risk of diarrhoeal morbidity associated with early introduction (Brown et al, 1989) , the recommendation for exclusive breastfeeding for about the first 6 months of life (WHO, 1998) should be promoted in nutrition programs in rural Malawi. However, this recommendation must include promotion of improved nutritional quality of the first foods introduced; if prolonged exclusive breastfeeding simply resulted in the delay of introduction of low-quality complementary foods, such as light phala, the energy density of the diet would be far below the current energy density of the diet at 6 -8 months of age (254 kJ=100 g) and far below the tentative recommendations for energy density of the complementary diet based on a feeding frequency of three meals per day (254 kJ=100 g; WHO, 1998) .
When the nutrient intakes from the complementary diet were compared with estimated needs from complementary foods (WHO, 1998), several nutrient deficits were apparent. The greatest deficits were observed among 6 to 8-monthold infants. This is attributed more to the greater needs per kg body weight of children this age relative to older weanlings, than to a poorer quality diet as the densities of most nutrients in the complementary diets of 6 to 8-monthold children were similar to that of the 9 to 11 and 12 to 23-month-old children (Table 4) . This is consistent with the finding that the majority of 6 to 8-month-old infants were already consuming family foods, including the stiff maize flour porridge nsima (414 kJ=100 g). The early introduction of family foods in these communities is viewed as a positive feeding practice in comparison to the prolonged feeding of low energy density porridges, such as described in Nigeria (Brown et al, 1988) , and the delayed introduction of varied food types as described in Bangladesh (Brown et al, 1982) and Indonesia (van Steenbergen et al, 1991) .
In comparison to age-based recommendations (WHO, 1998), energy intakes from complementary foods were inadequate for all age groups. However, when total estimated energy intakes were compared to estimated needs on a per kg body weight basis, energy needs appeared to be met. This is consistent with the observation that almost all children had adequate weight for their achieved height and hence the high prevalence of low WAZ-scores may be largely accounted for by poor linear growth. Linear growth faltering is much more likely to be due to the inadequate intake of specific nutrients rather than shortfalls in energy intake per se (Gibson & Hotz, 2001) . Therefore, inadequate Figure 1 Contribution of food groups to total energy intake from complementary foods. 'Other' foods included beverages, buns and breads, sugars and sweets, and vegetable oil.
Complementary feeding practices C Hotz and RS Gibson intake of specific, growth-limiting nutrients may have a primary influence on attained stature, body weight and consequently on current energy requirements. The comparison between nutrient density of the complementary diet and desired levels is useful as it identifies nutrients that were still not being consumed in adequate quantities even if energy needs were met. In terms of nutrient density, the most limiting nutrients were calcium, iron and zinc, with several additional inadequacies at 6 -8 months. Median nutrient densities of complementary foods consumed by 6 to 8-month-old weanlings in the United States (WHO, 1998) were compared to desired nutrient densities and those of Malawian infants (Table 5) . While vitamin A, riboflavin and niacin densities of the United States complementary diets met the desired levels, desired densities of calcium, iron and zinc were not achieved, which emphasizes the difficulties in meeting desired nutrient densities from complementary foods even in more affluent countries. It is likely, however, that the bioavailability of iron and zinc in the United States complementary diets is higher due to a higher intake of animal source foods (WHO, 1998) , which would result in a higher amount of absorbable iron and zinc.
The dietary modifiers used to calculate the bioavailability of iron and zinc were examined to identify those with the greatest influence on bioavailability. Diets with large proportions of plant-derived non-haem iron, and low intakes of haem iron, as consumed by the weanlings of this study, typically have poor iron bioavailability. Approximately 95% of the energy intake from complementary foods was derived from plant sources. Ascorbic acid was consumed in high enough quantity with some meals to increase iron bioavailability from low (5%) to moderate (10%) levels. This is of practical significance for children between 12 and 23 months of age; if a greater proportion of their diets contained this level of ascorbic acid, moderate iron bioavailability would be achieved, and the desired iron density level would be met. More frequent consumption of meals that combine ascorbic acid-rich foods (eg cooked okra, pumpkin leaf and tomato relishes) with a main dietary source of iron (eg maize), or of single foods which contain both iron and ascorbic acid (eg cooked sweet potato, green maize or fresh groundnuts) may be a realistic dietary modification that could provide adequate iron nutriture for weanlings 12 -23 months of age.
The inhibitory effect of phytate on iron absorption is well recognized (Cook et al, 1997; Sandberg et al, 1999) , but only recently have equations been proposed to quantify the inhibitory effect of phytate on iron absorption in humans when combined with dietary enhancers of iron absorption (Hallberg & Hulthen, 2000) and these may be adopted in the future. Nonetheless, it is expected that interventions to reduce the phytate content of the diet will also result in improved bioavailability of iron. For weanlings 6 -8 and 9 -11 months of age however, desired iron density would not be met even if iron bioavailability was high and therefore more intensive strategies would be required to improve iron intakes for these age groups.
The phytate:zinc molar ratio can be used to predict the bioavailability of zinc in the diet, where ratios above 15 considerably limit bioavailability (Morris & Ellis, 1989; FAO=WHO=IAEA, 1996) . The phytate:zinc molar ratios for total diets were typically above this level, thus the bioavailability of zinc is expected to be low. Food processing methods that can reduce the phytate content of staple foods, such as germination of grains and fermentation of flour mixtures or porridges , were rarely employed in these communities. In previous studies of Malawian preschool children, high phytate:zinc molar ratios were associated with low hair zinc concentrations, and low HAZ-scores (Ferguson et al, 1993) . For the most part, bioavailability of zinc would not have been further inhibited by calcium intake or enhanced by animal protein intake, thus the phytate:zinc molar ratio was the most important determinant of zinc bioavailability. Acquiring the currently recommended amount of available zinc would be difficult to achieve with the current food supply in these communities. Even if dietary phytate concentrations were reduced such that moderate zinc bioavailability was achieved, median zinc intakes were still not adequate and strategies for both increasing zinc bioavailability and intake of zinc-rich foods would be required for all weanlings. To date, the most convincing evidence for the role of a specific nutrient deficiency in causing linear growth faltering among young children is for zinc (Gibson & Hotz, 2001; Brown et al, 1998) and the low intake of absorbable zinc from complementary foods in this study may thus be an important contributing factor to the high rates of stunting observed.
Newer estimates of zinc concentration of breastmilk and zinc requirements by infants have recently been compiled (WHO, 1998) based on previous work using stable isotope techniques (Krebs & Hambidge, 1986; Krebs et al, 1993) , and indicate much lower requirements (approximately half) than current estimates. Based on the desired zinc density of the diet, weanlings 6 -8 months of age would still require the addition of zinc-rich foods in order to meet their Complementary feeding practices C Hotz and RS Gibson requirements by these estimates, even if moderate bioavailability were assumed. However, for weanlings 9 -11 and 12 -23 months of age, an improvement in bioavailability alone (from low to moderate) would make it possible to achieve adequate amounts of zinc from the diet. The discrepancies between current estimated zinc requirements and these newer estimates emphasize the need for further studies of zinc requirements among infants and young children as well as the potential impact of high dietary phytate intakes on these requirements. Calcium intakes and the calcium density of the Malawian complementary diets were far below the estimated needs. Dairy foods were almost non-existent in these communities; no fresh, non-human milk was reportedly consumed and only one infant was reported to consume powdered milk. Nonetheless, there is a lack of conclusive evidence that suboptimal calcium intake leads to a clinical or subclinical deficiency state or contributes to linear growth faltering (Gibson & Hotz, 2001 ). Hyperparathyroidism and rickets have been speculated to occur among children with low intakes of calcium (Prentice & Bates, 1993) .
The dietary inadequacies of the complementary diet in this population are largely attributed to the predominance of maize in the diet and lack of animal source foods. Intake of animal source foods has previously been positively associated with toddler growth and negatively correlated to the intake of the maize-based staple food, tortillas, and phytate content of the diet (Allen et al, 1991) . Animal source foods, particularly meat, poultry and fish, are rich sources of readily available iron and zinc and additionally enhance their absorption. Meat, poultry and fish were consumed by more than one-third of 1-y-old children on the day of recall, but their contribution to total energy intake was small -only 0 -4%. This is a reflection of the small portion sizes of these foods that are consumed by weanlings; mean portion sizes for children 12 -23 months of age were 24 AE 13 g fish=fish composite and 21 AE 15 g meat=poultry. As the consumption of animal products reported for toddlers (Ferguson et al, 1989) and pregnant women (Gibson & Huddle, 1998) in southern Malawi also represented only 4 -5% of total energy intake, the limited portion sizes are more likely reflective of low availability of these foods in the community, rather than inequitable distribution within the household. Maize was the major source of dietary phytate, but was also the main source of zinc in the complementary diets. Therefore, the application of methods to reduce the phytate content of unrefined maize while maintaining total zinc content would be a useful strategy to improve zinc nutriture in the context of the existing food supply.
The population of weanlings described is characterized by a high prevalence of stunting, and low prevalence of wasting. Zinc, iron and calcium were the most limiting nutrients in the complementary diet, with inadequacies for iron and zinc exacerbated in part by their poor bioavailability. The application of these estimates for the bioavailability of iron and zinc cannot substitute for direct measures of true absorption and retention by individuals, however they allow for a more realistic assessment of the adequacy of dietary zinc at the population level than if the influence of these dietary factors is not considered. Zinc and iron nutriture would be improved by increased consumption of animal source foods, however, this currently may not be a feasible option given limited availability of these foods. On the other hand, methods to reduce phytate content of maize may be a more realistic option to improve bioavailability of both zinc and iron. Additional sources of zinc would still be needed to meet current estimated needs for children 6 -23 months of age. Iron bioavailability may realistically be improved by including more readily available, ascorbic acid-rich foods in meals. This would allow children 12 -23 months of age to meet their estimated needs for iron, but younger weanlings would still require additional iron sources. For infants 6 -8 months of age, intensive strategies are needed to improve the quality of their diets, such as supplementation, or fortification of complementary foods with multi-micronutrients.
